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Tracking Audience Size 

The present invention is concerned with measuring audience size, and especially of estimating the size 

. ... .... - 

[ of a dynamically changing audience in multicast transmission . ..... . 

* * * 

__OneLfbixn^ 



5 one to many destinations. Instead of setting up separate unicast sessions for each destination, 
multicast will replicate packets at router hops where the path to different multicast group members 

* 

. . - . . . . . 

diverges. This allows a source to send a single copy of a stream of data, while reaching thousand or 

milli ons of receivers. In conventional unicast communication the sender sets up a separate 

. :w transmission session for each audience member- and can track the size of the audience by coimting the 

1 0. niimber of requested streams in' the server log file. In multicast communication the server sets up only 

■' one stream of data which is sent to a single multicast address, instead of being addressed separately to: . 



~1 ^ ..Lweach_receiver. lAny ihostthat is interested in, that^tream^pf .data then joins-the coirespcmding-mi^caist ± .., 1: 
- ."v #6up and picks up "the data* stream from its local router. The size of the audience is therefore hidden \ 




station sends :. 

. outfhe programmes/to . ether, arid receivers can. listen. or watch their favourite programme by tuning 
fheirlTeceiveirs to the channel oyerwMch the ^dg^amme Is sent .V * . 



♦ - * 



- 1 < • -~ . - • ■-»........... ' -' ' " . . - ■ • i . . » ' 

. . . .. .. _.-*' -1- ' -»■• : . m . .' - , 

. . • Multicast is used for real-time delivery of audio arid video streams over the Internet to very large . - ; 

.... .. . - - » . • ,,. •. .. -. , , - • ■««••• -« - 

20 _/ audience..^ -The reyenuei generated from these applications is mairdy from advertising and depends-;-" ■ 

ve^ much ori estimates bflhelistm . . .. . 

* .. . •»*. * j ."#~.._." 

. . •* . Multicast is usedfor large-scale pubHsh- subscribe apphcations; In these applications subscribers - 
xegister. their -inteiest in* a topic or a pattern of events and . the as^chroriously receive events 

• - -T- ■ " .- " ■-- • ,*,- -.. - . v ~ - ■■ • . . .* * .■ 

-* noiatohine theif f interest.: By^w^ become a member of the ^ 

25 ' • : • : ' "multicast gQ^^g^g^fflgg to that topic^ (e* g. slwe, price of a certain compan y ) and receives a 

. - . : - ; notification whenever that topic is updated.^ The publish-subscribe ^ servers can update on a regular 

* i* ,in - . .' t . ♦ - ^ . .... » ~ . • .. * i . • . .... _ , , ^ _ i ^ _, r . , . . ^ — . . — . .... ». «^» — — - - - 

■* * * ** * ** — — ■» ,-■*".". , *■ , . < •j^ f j y~ *• , *"*• ... . ..... .. ^ - 



. " .. i Measurement of the ^multicast -audience size:(and other --statistics), can -be perfomied-on-fhe network ~- 
30 layer. In* this ; approach memory tables are : captured from network "routers in parallel and are 

■« - r -- ■>--•-. — -r- r --- — - • . f - -..« - " ' .**- "V- 

. . transferred to .the monitoring unit The moiritpring .then extracts the size .of the multicast group (and - 
other statistics) from these tables (See R. Saraic, K. Almeroth, "Supporting miilticast deployment. v • 
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•_». • «■ . — > 



efforts: a survey of tools for multicast monitoring", Journal .of High Speed NetwOTks, vol. 9, no 3-4,. 
2000 -and E. JRajvaida, K Almeroth and K. Claffy, "A scalable architecture for monitoring and 
visualizing, multicast" .statistics, JProc. of 11* nFTPZEEEE International Workshop on . IHstributed [' . 

; systems (psomoo:2^ . - rr--_ ~ 



5 Three problems with this approach, are 

~ Requires that the momtoring unit have "access to networks multicast routers. Arequir ement which 

is not feasible in many situations. Furthermore, even if the momtoring unit could access .the 

( . - ■ - - i ... ...... 

. multicast routers, current standards do not require these routers to maintain a count of the number 



of local receivers. 



10 



It is not appilicabie to apphcation-levei multicast where multicast transmission is built . as an 

■ - • • .... .< . ..■■■■» - . - i ■•«.•' f.. . , - 

. overlay on top of a iietwork without multicast capability. • 



s ** 



-. %M rt nl 



The method is not scalable to .the publish- subscribe scenarios described above, where billions of 




,.v inblhods.'sug^ 

estimation^ in Broc; of BEEE EfeOepM:2o6o, Tel Aviv, Israel/ ^c^^ : :.'V A. • 

-r^f-^-restimati^^ Sfj aouf. E: - 




f :IOTQCOM2002; New Yo^:USi^ Xiine 1002) to:es^imate:'a "4yn^calty • ; 1 

"methods aris based oh raadorti sampling of feedback nieissages^ " • 



4 Tc^ Wet^l^s voi:7/.no:."3;^ 

- ; ,. ; dated 21^.'jxme 20S*02>Imier-hased feedBackm multicast communication'', M. Nekovee'aBa'-S". "-' . " ' 
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** " ■ - — -»•— — - —v - ■ - — - - . * — — — - -- ■ . — • v- • - — - - • -■ .- - - '.„'£, . . ■ » 1*1 -V .. — < _ — -» r ,.C ~» . . J - • — ■ »• ■■* - 1 *. _ - . " ' * ■ - " * * , * 

-■>■ • v - - k w ... , - _ . - ' . - • r _ , w _-_ v ; % - -i- .. >".#.■* ... - - ; , _ ■•— - - T r .■■ ^ - . ■ , . . s — «. ; _ . ~ • * • ~, y~ , »,-.»^ nTT". r-'i?^ u ~ _ 

~3~0T " "feecffiack request^ Upon receiving the Redback eaTcffreceiver samples a BacE)tf "timd fr<wn ffftrAffi^ t~— 
expiry of this time, the receiver reroa^sflrat^tf feedback message from any, other V 

1 ' ••*»**.♦. • • •• ' > • . - t ... , . ,*.; ■ . • - - *.*' **, m , ** . ,„ ^» 

receiver, othCTwise it sends a feedback to sender 

* - • • . • ■ ■ - *_*...__.*.. . . . 



. ... 



•V * 



-•V- ir.i-. 



(And all other receivers), which contains the expiry time of receivers timer. The sender collects all 
feedback. Using a "combination of the feedback count and the expiry times of receivers' timers, the 
receiver makes an statistical estimate of the audience size. To achieve high accuracy in the audience, 
eistimate" this procedure has to" be repeated many rounds since the' estimation error decreases" only as 

t mmmm,m% ■ — - - ■ 

T7 where M is the number ot rounds. TEe mam technological problems witti this approacn are 



• The .estimation procedure works well for a static audience size but is not suitable for 

dynamically changing audience size. This is because the method requires several round of feedback 

. ° .... 

• » ■ 

collection from the same audience in order to accurately estimate the size 

- ■ * 
inaccurate when the audience size changes during these collection rounds. 



• .. x 

I Ot. Cm. - - _ J ' • ■ • ~ ~ *-—-•'"-• *- * ' 



• The timer-based random sampling from the audience requires that each feedback message is 
.send via multicast to all the audience. The overhead to process these messages is small . when the 
IJsample'iiiSrfr ^ends^-message- i at-.each r round) is ^mall-andLwe.are — 

i'l * ■ ■ • »*-■«* «W • • ■ * * * _ 

T » i ■ . * V * • * • 

considering only one multicast "CTbup. But the overhead can become large when; receivers are on 
vse^4iin^ticast:groups atlhezsame.. to 



-groups; 



- • . The timer-based mechanism. for sampling is biased towards receivers with the smallest round-. . 
t trip - tmeT(RTT^)* to sender sirice,7bn : avCT^ a .feedback- 



messages. This "bias reduces the -accuracy of flie audience siz^stimates: Also; it makes the pollmg 
. mechMsiri uirfair since receivers "^th anRTT Tafc gef ffi likely to be "heard^ \ 

by the senderr ' J r • : -' *.->::.-'- ■' / ••. ■"' ;\™ *" 2'./" - 

The method of Aloufl Altaian and Nain removes..some of tihese .problems by using- a simpler- .; 
mechanism for iandom sampling based on prpb^ 

multicast- Generdising tt\-M^^ fii Proc; of IEEE . 
INPO(^k?4i Toronto, ^Qariad^ Jime. 1994/ ^^-855; : j^thisme^od ttie^ sender sends a request-. 
: 'fbr feedtacfc^' r ^Teceivers: sends "feedback, or nqfcz'l 
accordmg:to^^ecifie<^proW^ from the rest whether— 
to send or not to send a message, th5 sampling affected by sender-receiver and 
jecdvCTrreceivetJ^^ £ind is not bi^edibwards i xeteivfeS. with smaller IlTTi : . . .. 

i . > * . j ^* _ _ ..to. , - - - — • — « • * *** ■ * * r _ - _ *. 



The average / number of messages sent is a Tandom variable, which has a Binomial probability 
'idisbibuffm fimc^LXpif)-! J^.likeT^tm audience sizel^l 

from the feedback count using well-known statistic estimation techniques. 



"-I-"" 



{ : 




The method of Alouf, Altaian and Nain provides a solution for the problem of dynamically changing 
. .audience size by .taking .advantage, of the statistical dependence between the audience size at 
. consecutive, feedback rounds, to enhance the accuracy of the instantaneous estimates. This is achieved. 
Try assuming that (i) "ffie vanatta^ 
•5 caHed-Jl^:A^^^ 

- • . „"-•-.' - . . , 

Wiley & Sons, New York 1975), (if) neither feedback requests nor feedback messages are lost and 

i " * 

(iii) the audience size is small such that there is no risk of feedback implosion. 

* 

• * 

The technologically remaining problems with- this approach are 



► i 
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• The. method does not scale to very large multicast groups, which is the typical ; situations in 

_ • - - •■ - ; . . .•♦-.--< _ • _~ - - •— r*- - - . v» - - "'- • - - -» ■ - - ■- - -- - .«■■■...<«....-.. 

scenarios a we ..discussed -earlier on (Latemet and Intranet TV "and radio broadcast^,' publish- 
subscribe). This is because the ^ response prdbabilif/, is chosen independent of the size of the . 
au<fience"and so the av&age'num^ 

grows as the audience* «ize increases, resulting eventually in feedback implosion^ thiau^h the 

• i • • * ** ■ ■ ' * *, * » < < m . , j i „ , „ • . . . • ■» . ^ . „ * ; ,. > ■ f [ 

^ .." .r. possibility; is me^pne^ prpbabi^.ili^h11y if &e mimbCT of adqwwledg^ents 

15- becomes too high., ... , - 

' *.- • . *. . - - - „ - , - *y* - — - : . ... - - - 

. . ."• V - -i . - t 7 - . . . . . . x .... ...... , .-J z.r.. -c- -„ . . 

....... .. ^ ... . ■ . - .. . 

• The filter parameters are fbced in a^ 

size and dynamics--;. . -: * " : ~ — * — ^ — — — - 

. - * - * -V - . ■ " . ■ . . ."J , . . ... ^* ^ - - » - ' • - ' — -* i -» - - ■ — «. - p • • ^ I ... .4, tV - —« JS " ».^» . . . f . . - . 

' • j .. . - - % -,. . -. .- J " , " ~ 

* — ;---**-• — •' . , . - — v. ... .- " 1 ' ■ -- ■* - J . — . - : •„ JCtt.rl"." .. ~ r — - . ~. -. - 

• The^algprillim, assumes that neither "feedback requests hbr feedback messages' can be lost in the * 
L : - . , ne tBrojlC: and^islaailneiahle^in-lxeal^ s tienarios Mffi "paftfeBt" ^1 »«^: Q< » tj'^"' i he ' ."• '• .' II " 



20 



- <•' • . ~ f" 



According to, the present iriyjention there is provided a . method of tacking the size of .a inulticast . 
audieiipe comprising i * 

(a) rtr^simtting to recdvers:;oteceiying the niidtickst. a pliiality of requeste eacfeinduding i 



1 J 



25 




number of receivers; 



(d) filtering' the. estimafes; Y v ; V: 
— - '^'^^erein the method further mcludes. repeatedly coinputo included-;- - - 

vQ. ..... ^.41 subsequent s^ : . : _ 

the number of receivers and detennining therefrom the hew prpbability parameter such that . " • . 

.... Jkeriskfl^ .. 

- ■ • « " • »•■»•••• ^ «. t .»»•. — . _ ... _v . . . . . - . , , . . .* 
•: - value..- - 
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Other aspects of the invention are defined in the claims. 

Some embodiments of the invention will nbw "be described, with reference to the accompanying 

* * 

drawings, in which: 

Figure 1 is a schematic diagram of a network; and \ 



5 Figure 2 is a flowchart illustrating the operation of one embodiment of the invention. 

_ ... _ ... • - • - • - -* 

. 

Figure 1 shows a multicast arrangement with a server 100 connected via an JP network 102 (such as 
the internet) to a number of receiving tenninals 103 (only three of which are shown). The 
multicasting operation operates in conventional manner and therefore only the additional functionality 

• • • • ► x * , 

.. .nbwOToposbdfbf.m^ . *■ - - 

* 

. • ■- • ' - - ■ * • 

.-*•-' ' " ' " ■ ' * ■ ■ • ■ . . ' 

10 We consider a sender (i.e.' the server ' 100) who is sending messages to a multicast group. Group 
— 1 -members-^ Aii-e!xample ds-when -multicast -is-usi?d for— 

broadcasting TV over the internet. The auclience can watch d certain programme by joining the 

' • ■ ■ ■ * • i '• *. * ■« . * ■ , 

: multicast grpugjcorce^ the » jreograinmie, and leave the j^^tipa§t 



group at any time during the prograiume. 



15 " The measurement process nowto be described is implemented by : 



.V . AddMpnal.spftware at - 
" multicast mechanism, (b) count fqSKes from tie terminals and (c) process the results; - . r 



■ ■ . 

• t--s . ~J 



^to~pric^s^^chj^quests-and^ 



• ■ • appropriate; . the size . of tiie audimce is' a : ^e-de^endeit Stochastic variable, which we denote with . 

I ..——*« * >* >■> <■ * i«-4ft-^* ~ ^- « "~ » * » , . ft » * - * • — * ■ ^ ♦ 

- • ■ 

20 ' N(i) . We assume that sender can handle a maximum liumber. of feedback messages- per 



feedback round ! The aim is to accurately est^&^te* other receiver attributes) in 

real time through, feedback counted r(t) . from. th(B ; *r^ the risk of feedback 



: ' implosion (which ^happens whenr^ 

! p " " - - * J "• ' f" " •«••''- » *«*^ * j " T| *' ^, -''^ " " _ . . ', . J. t 4^,^. — • »■ — — ' -- ■ 

** *""* 7 " » . • ' * ' " ~~~~~ " '.*"""-. T ~ J~[~^r .7ZV'.. .* -T~- — * \ . : ; - ^ - •■r ' ■ . „_ r v. 1- ■, i. - , ' * . -', " '- • 

~r- T «xhepro^ 

... - _ * ' • ■ t • . ' • v • ■ .» « * ' 

- • ' — " . . : • 

5.. i;: r-.- -'The estiination. starts, with ^rhifigl giiesiforliLe maxima audience size Tv^v* 7 1 *. 

. . _ . . . - — - . . »..-." * -»— • * — — i i- — • — '.ur .» — • -» ■ . " • ■ • — ' • • ', ■ _ 

... . . • ' "• . r - • \ . • - . * ~ ■- ■•. --- 

;: * 2.? ' MimM^ "P asVtbTe 

maximum response prtiability: fo»t which thfe xiskTor f^dbac^j^lotrimls "helov^ a user^defined risk 
threshold S , given N . Since the number of feedback messages has ' a Binomial probability 
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V 



-6 



• t 




distribution function, the jrpbability that the number of feedbacks exceeds given a population of 



/if—, is given by 



and so the maximum possible- value of P could be obtained by solving 



IA r *± +^N ma -^ = 3 



4m I <■> • 



(i) 
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5- - : ; ; / : The sendet;. coUects. atotal of r feedback messages jfrom this round. 
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(Equation 2, and the corresponding error expression were derived using the well-known maximum 

■ . ... . . . . • * . . . . 

likelihood method of statistical estimation theory, applied to a Binomial distribution with unknown 

. 

parameter N(t) . ) - • - ... 

_ _ • ^. • » - - ■» 

Note that the two branches shown in the flowchart are drawn for clarity to show that there are two 

estimation processes operating; they are not alternative paths. 

.... . . . — • • .... _..»•._..- 

. . » . .„ ...... • 

7. The estimate for the audience size (Equation (2)) contains statistical estimation error whose 

....... 

magnitude is inversely proportional to the size of the sampled receivers. We provide a method for 
reducing the estimation error in real-time, making use of the available past data. As shown, this takes 
place during the measurement process.,,, after; each measurement .(see below for an alternative^ 
hnplementation). This is achieved by considering fhk estimation error n(t) as time-deperident noise, 

. ; v-'-';. ' : •" '•' . . 

"^di'is superimposed w1te'e^'^w:of ^;^^^wze iV(0 . The signal/ to no ise ratio m tire " 

"SneSsured audience size W(t).^Jf{iy^^^i^wnaam^ by filtering N(t) v -^a^ierfiite 
which' provides the best mean^square- estimate of the audience population. ''im^y : ^;fflter^ 

"'-iip^totioa imc^. w^dt^on (e.g 4 - Internet TV- j^J&r^soriDe- etc.) Twit as the audienc? size, 
me^urements progresses; these parameters are periodically re-calculated such that they can a^apt tq^ 
v &W'acfi^ r patt(^ of audience size variations'.' 
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! is liie oiptimal Wien^ obtained by miking lie assumption that the 

.-.si^aiXJV^j )*ahd"the : noise are 'statistically uncorrected and that &epowspe^ 

and n ? (ai) of these can be approximated by: ....... 
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5 where and ji are adjustable parameters 3 and 
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, . " :It fpllpws that ti^ii^e^ ffie" power spectrum JVp of the' audieshce size' N(i) fdT 
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1 5 .... -. .models a slowly 'yarying audience size; whilp. by increasing a .geheral time- viirying aizdiences sizes-r 




- - simulation studies ;shoW that; this -is a reasonable ^stiiaate <>f the. statistical tiois6 an the audience-s^ 
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perfbrmedin the'followm^ 
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. . pf sizeM." It then 1a^af& esfimate of the ^ power "^ectra of fbe signal" and ricnket iiy ji>^ri ^iTig a 

■•".'■> - Fourier ^^f^ : Q^^MiE^p^^\iek ^N^fS : ^fa^&&^£& i^'^/iv^'i^SxSiS^e. v , ': 
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- Lomb* aJgorithm is .iosed- to These spectra are then ^ jBtted to the - 

25^ - -parameterised form given by Equation (8), using the least-square inethod, to obtain new values for-the . 
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parameters K , a and A, from which a new value for the filter parameter /? is obtained using 
Equation (7). 

Note that because the filter kernel ~h(t) decays exponentially in time it is sufficient in practice to 
accumulate past statistics only for an interval of size » 1 / 0 . Assuming the population is sampled at 

• * • * ■ ] * 

an. average rate / = — . The number of past statistics that need to be accumulated should be 
P 

• . ■ 

.JMote .that the ada - ■ 
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~9T~ _ In addition to estimating the ^Se^pfJ^auffimce we ^provide a metho^for " dyna^callx 

* * • * » •* « * ■ • 1 * » ■ » 

estimating an upper bound for the audience size/ This is done in the following way: given the number 
. . of received ^ feedback Messages Tfefcmd A risk p^meter; ^:,.fiiid t^e. maximum possible size, ofthe: 
audi^cei; wM'ch cte reisifltwi& Using Bayes theorem 

arid" making a Poisson approximation of the binominal probability, distribution function, it can be 
slibwn: that th£ conditional probability :of the size of the audience exceeding a certain value i 

. v * ' - . -j • ■ . - • ......... . . . -, ■ -, — _ , ^ , , 

given observation r(t{) , is given by- - - - - - - . - — - ■ ■ ~t v ; : " . . . ... 



Vhere Pg is the incomplete gamma function. 



'"Pr^'ftis.ftr- mf^^™"r«wrih1e size JV^^Jis bbtained by solving (using aversion of Nekton- 

* l r »**'"«.•* * '•.*»• ' . - • ' • ■ . - • . • • ■ ■ * 

"Kiphson iteration) , r : ' . .... 



where P,g is the incomplete gamma function. 
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10. : _. This' estimate ) is theai fiiterfeid, in the same manner as described in step (7), to 

-provide a filtered estimate (t f ) of the upper bound of the audience size, using equation (1.Q): 

W^W-.t'Kh-^^ (1°). .; . 
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In this version, the parameters used are those used in Step 7 (and adapted at 8). 
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• 1 1: This estimate N ^ (t ( y is "thenmsed to forecast the maximum-audience size-at-the next 
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otherwise 
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_newfeedb^ is sent to receiViers. That is, the aboye^ steps are. repeated. ; 



: -"\H Q-^;ffom-Step^^ 
. --■ * Step-1^ . : 7. > . 



* *.\\. : ' Some c^tiohalTOodifi 

•■- A? ■•-if- Ihe fQtering at Step^Z is :Shown above as being performed whilst ineasufdmeiit is contmijingi 

- • ; - '-.-7 'v. >rr*** -•- ' ;*•'-.."•« >- — ------- . . .... _ — . — : ..t^^ia.^..- w.- ~r. 

\ :::: wMcb^an be ^yan^ in* near^real tipie so that the filtered 1 . • - * - 
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. T5 resulte JV"(^ v 

Mteimg;6fflBi^ as described-above cmbe advantag «-.*••-:>. 
data.; Jtil this case the filtermg 7 (and adaptatidiili8) occurs after exit from the iteration. H6weyer the - " - A".: 
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algorithm -against network losseis" - 

• * * 

- • • , „ . ■ » 

25 -If the network is Jtossy, some of the Tequest for feedback can be lost before they reach the Teceiver^s; ' 
Also it can happen : that sorne of feedback messages from receivers do iiot arrive at the sender. " The- 

• ...».•»•,■ , . .. ... 
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-maximum-likelihood estimate of the audience size (Equation 2) is obtained under the assumption that 
there is no loss in the networks such that all receivers respond to a request for feedback with equal 

probabilities J 9 .. . --- . - • 

.j. . . : — — - . . -..«-«_.. - - — - — *■ ~ ■ ~~ ■ ■■ . . . . '• 

The invention provides a method for taking into account, in an average way, the effect of losses in 



5 estimating the audience size. 



If the probability of loss at a receiver is qj (for receiver j) 9 then the probability that a feedback from 

* ■ * - 

* ■ 

this receiver reaches the sender is not P any more but it would be Pj = P(l - q y ) 2 . We take this 

i 

effect into account in our estimation procedure in the following way. We assume that each receiver 
-r measures^te t) wn- to can dp this, -fonekample; by counting theTiumber*of ^ *; 

■ »p r * • * _ 

.... • * . ' m * * • - * • * s 

1 0, packets that; have, not arrived from each multicast group . they belong, to by looking at packet. . 
ill. \~* . seqxiehcje)!. JDuring.. feedback, collection. ih6sel.ieceive^ "smdiflusJ-:..- 

• • . ' . .... .... . , — * . *1 _ - | . * .- „ r .'_>ii it. - ■ - — 1 1". -* -• 

T " : measi^ement back to the sender. From this the sender estimates tlie average packet loss q and takes. . 

■ * *■■*-» _ # m * * * » * * ~\ ~" * * - • ' w , t t » * * " 



. . tlris" : Mo^ i? with. (1 - q)JP in the *pa3^ j?m^fe^^ 

. Size/ 
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Where the t^m in the bracket is a correction to the estimated audience size, resulting from network 
ioss^s. This mbdification is implemented by. using Equation (13) instead of Equation (2). 
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20 C. .• • • fejaamrffie feedback implosion limit 



The implosion of feedback occurs when the number of feedback messages that simultaneously reach 
x '&eiimJ^^(S^s^l; Y ; In addition to dkoosing tke ^Value of Tbspbnse probability P^chthatihe^irvi - : : 

• — ^ . - - . . . . - ; .. _ • " ,, ••• ■ ♦ ' ' , - • ' ' ' i n , , ,, m . - , .. ^ ■■u. , . . — . — — — — 

. chance of implosion is below a certain "threshold, the sender can further reduce the possibiHtyof;-.:. - . : : 

* ■ implosion bvh stretching the interval over-wiich it receives the responses: This, can be achieved by 1 - -» . . -;r 

■ ...... . *. . . 

25 \ sending together with "the parameter P a second parameter iS . The feedback procedure is ..ttoci. . x 

J>. - . ... „• 1 * ' • . . * ' ■ 

modified "as follows: ....... : ■ . ^ , A^J^-^ .v---« 

— '-Each receiver 'selects a uniform random number and decides to send a feedback only if' "X;<P~ " 

• * » * * 

After making the decision it selects a random number s which is xmiformly distributed in the interval 
.[0,2iS^^^waits feir a'time^^ before srading its feedback." The net effect of this algorithm ^ is to. . . 
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spread the feedback from receivers oyer an interval S so that the average number of feedback 

* * ■ 

messages that are sent per unit time is given by 



and feedback implosion can be avoided if 

„ » 

r < (1 t.^ r max • So *e implosion limit is effectively (1 + S^r^ , instead of . In Step (2), 

» ■ » ■ ■ ■ « 

■ ■ ' ' ■ ' " " ■ ~ " — — . .1.1-1 - ■ — . | , I i— — ■ ., .1 ■ .. . 

Equation (1) is then modified by inserting (1 + in place of and so that the new limit is 

" then used to calculate P. The value of P calculated from this will be larger than the value calculated 

* * 

using (we know this from the shape of gamma function), and therefore more feedbacks will be 
.generated per round and the . accuracy of population estimation is improved. 

• • . * - ■ ' ~ •■■ , - • - • ^ <■•_-■ . 

The .above-described method deals with end4to-end methods where audience estimation can be done 
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at the application -level "without any. assistance from ..network routers, and with very large-scale 
Multicast scenarios in mindJ . ■• - \- _v ■: • \:\ •; ■ 



lt'2^syis^ 0^u^s>d -e^rliCT for'safnplifegf; : " 

feecfback' from. receivers and a mefhod.'for ^adapting the filtering. : 6f : statistical errors tojdyriamic - 

. - p» * *- *" — . — mm 




'V,ffltomig~'idjffi of ffie audimce's.* size" 'vam : B^'"m 1 fi^ : 'idn3^er to : * 

' _'maxfi^ : . 
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CLAIMS 



1 ! A method of traclririg the size of a multicast audience comprising: 

> • 

^a)-traasB3dtfeig-te- : receivers — reeeivfeg-4he-~ multieast-a- plurality— of^requests-eachr-including— a- 



prbbability parameter (P) 9 whereby each terminal replies or not with a corresponding 

- - ... . 

probability; 

(b) counting the number (r) of replies to each request; 

(c) determining, from the counts and parameters, estimates of lie nimiber of receivers; 

10 (d) filte^gjie^sti^tes; : , m - . *_.; . s_ m 

wherein the method further includes repeatedly computing a new probability parameter to be included 

. . . . • > . •» <r - ■» - • ■ '.**'.*'. 

■ * «. , _ . . ... ■ . . ' - 

.in. a. subsequent step (a), by - : 



„ .foreca^ting^from- the counts and pai^meters,; r a upper bound for -tiie number^ of- receivers-and : v 

de1«iiaining therefrom the new probability parameter such that the risk that the number of 

* 1 *„-'t , - .* -~ *r w.'-vV'! ' ------ — - * ' -*>— - * * - * ■ • " r - r * * * * * " 

'. - 1 ' . * - • • I 

' » ■ • • ■ * , * . » v ' . * - * •**••** - 

4 ■ • — * - . - «■ «... * 

v . . — - • — - • - . - , ;• vj •■ ■ • • • , 

• ■ . . , . k f - «- - - • . • ■».•»-, I ■ » "J 

• ... ... • t . 

2. A method according to claim 1 in which the step of computing a new probability parameter 

estimating ffie maj^imi audimce size corresponding to a pr^etennined prpbability of receiving a. 
20- number qtr^ra ed^ : * * ""^ " ; 



. ., . .. - ^. . - ■ " f .■ - »«J - 



peifonning said. forecasting. iising said estimated maximum audience size and at least brie.previpus 

' Value of said infij^um audience size; r - - ^ V 1 

• . . . ■ • 

. . determining, the" new probability, parameter (Pi+l). that,, with the -forecast, ma x imum size • /^ojild 
involve the risk of the number, of replies exceeding the capacity available to receive &em^fallirig 
25 below a predetermined risk threshold. , 



• - - . 

• • • ' » . . ■ : . ,■..*•■• - r r • - • 



3. Ame1lidd :accbrdiirg to claim-2 including ^ generating a filtered version of the estimated maximum 



J. , sizes, prior to said forecasting. , , . - .:. r _..,^ . ,;. ... _ . 

■ • ; . . ; . ^_ T _ - ( 

•■ ■ - ,*-.--■ - : ' . • - ■ ■ 

30 ' 4. A method according to claim 3 in which the filtering of the estimated ma^um sizes is perforiried;: 

. . • ^_ . . **** • " 

by a Wiener filfe. 

« * ...... . . 



5. A method according to claim 3 or 4 including adaptively adjusting the parameters of said filtering 
-. -of the estunat^-Th^TriTnum sizes in dependence on the power-spectrum of the estimates -■ 
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6. A method accprding to any one of claims 1 to 5 in which the forecasting is performed by 
extrapolating past values of the estimated maximum size. 



* * 



g — —TrArmethod-^GordEn^^ 

by a Wiener 'fitter: ■' " " * - ~ 



8. A method according to toy one of claims 1 to 6 including adaptiyely adjusting the parameters of 

» • - _ ■ • 

* • m * » * v» • ■ * *■+■ - _ . ft | _ • «. , . 1 * . „ % # 

10 said filtering of the estimates as a function of the power spectrum of past values of the estimates. 
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-9ft-A-method£cc6rd^ . 
performed after ceasing to determine sdd estimates.. . . : 

•* ' * ■ . ' - - - - - - »,»» - - ... • . . * -I"* - . . 

3' B 



a—— - — ; ■ , . T — ^- ^ » * = -» — . * " • - — — — r j- , „ , - cJ±— — I — * s - * ~i - 

10." Am^odi^cpOTding to any one of the preceding claims in which said filtering of the estimates is r 
performed '^pTi'liffie'^ • '■]/"" . ; >.. . 



* fa _ * ft • ■ 



• *♦ • * 



Vi * * - * ■ - - , • * • • •* . , ' • • > m - - .7 * * -i * 

" ' : v ' IT:' "A method: "^cording to clairn 10 when dOTendkif : oh _ claims 5. and 8 in which: the same filtCT " *" * *" 1 

* • - ■ » • - * * i » ♦ _ • ' ' L, i vi " 

\ t ' " - fc . - ** i • * * ■ ... , * - . t . , ; » » . 

;. "20 par^etefs aie.^ TT" 

! * - ■ - * — * a * • ■ ' - . — ■ . . . . » .... 11 ' '". " — "" . '" *~" ~. 

• » • ■ • .»:- ^ . - ....... • — — . - 1.- . . . * . ••«...«■•■ • - ■' . . . • _ . _ _ . _ -j- ■ • 

- 12. A me&od'.accordangib . ai^ one.of fHe prece : : 

■ ■ - * * * .*.*.*■•■ *■ * • ■ • • « • - - ^ — ♦ - * » * » pi i- — - - • * » * - _ ^ . . - * 

~* - - ^ • • ft » — > ( ft » j ^ ■ * * « ■ ■ -mm m ^ |ft> • * ft «■« —ft- ftft ft » # ^ ^ ft - , — - , 

vl\ loss of Tequeste^r replies applying ycoi^ 

1 3. A niel&ba of estimating the size of a multicast audience cbmpriising: " " ' " 

. - ■ j." -r' - 'c- »_> • " .*" • . * * f — '****■ — ' • ■/ .... _ 

(a) Iranj^ttiffg * : ^: ^^eay^/Z^x^^yi^ multicast* a jpluriijity: of; requests, each including ;'.a* / 



• * * ■ 
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a - * mM -ft . v 1 ■> * 



.. — ^ : (c) d[etenrqimg from (a)-. : . V . : J U 

^J^V » - . w • .i " " " . .1-— - - — . — - " ■ - • — v _* -i — * - - * — - - - - — - — ... . .. - . " ... . — • ■ • . , ~ ". . . . ~ . ,_ * _ . . . . 

• - -— -• • . • - — . - - ..... ^ j ...... , .... -\- - — 

■ ... ... . - i . . 



..... » - -. . . ... 

14. A method; df ^timating the size of a multicast audience comprising: . . 



- - - (a) transmittm^ r^ivmg" 'the' miflticaS 

.. - • > . '' ■ ■ ........ .* . ... . . 

- . . . •< - - ,.-.,* > . .i.^*. •. , > - m .... . ». - • 

---probability- parameter (P), whereby * each terminal rephes- or not with a corresponding 

.. . t * * . _ _ . ..... . .' • ■ 
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(b) counting the number (r) of fephes fo; each request; 

....** - * » ' " ■ - • . -. • • • 



T - 

" r'. . — - ~ ' — - 1 — • - — ' ' • * " r !■ "TT - - - — ■ ...... .... — -m. v.- . -, . • - . — — .. -- ^ — .'— .-- — . . -. . - . . _ 
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(c) determining, from the counts and parameters, estimates of the number of receivers; 

» - a* 

a ■ a* * 

(d) filtering the estimates; 

■ 

. wherein.the method further includes repeatedly computing anew probability parameter to be included 
m a subsequent step (a), oy 

■ * 

determining therefrom the new probability parameter. 

• * « mm m> • a * * «w • a> i * * r • 

. 15. A method of estimating the size of a multicast audience comprising: 

(a) transmitting to receivers . receiving the multicast a plurality of requests each including .a 

• * * ■ ■ 

10 - probability parameter (P), whereby each terminal replies or not with a corresponding 

■ P * «> i * a * » • • # * 

probability; 

. . *»t .> . * - - . * . ... ..... — ■ - . * . . ■ ■ . 
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